A 5 year old male neutered Cairn Terrier was evaluated for signs of polyuria and polydipsia. Initial hematology and chemistry panels were unremarkable and urinalysis showed a persistent hyposthenuria. Eleven days later, the dog became lethargic, inappetent and had developed acute renal failure. The dog was ultimately euthanized due to a poor response to treatment. Microscopic agglutination titres were consistent with a diagnosis of leptospirosis. The initial hyposthenuria in this case was consistent with acquired nephrogenic diabetes insipidus. This is an uncommon presentation of leptospirosis that has not previously been described to progress to acute renal failure. Leptospirosis should be considered as a differential diagnosis in any dog presenting with polyuria and polydipsia and these patients should be treated as a zoonotic risk.
Background
Leptospirosis is a zoonotic disease caused by infection with pathogenic Leptospira spp. [1] . Clinical signs associated with leptospirosis can range from mild non-specific illness to severe disease associated with kidney, liver and lung injury. Polyuria and polydipsia are common findings in patients with leptospirosis [1] . The majority of infected dogs with polyuria and/or polydipsia are azotemic and the polyuria can be attributed to acute tubular injury, however up to 25% of dogs with dilute urine are not azotemic [2] . Some of these polydipsic, non-azotemic patients could have a decrease in renal function sufficient to impair concentrating ability without causing azotemia [3] . However, there is also evidence from experimental animal models that leptospires may cause a form of acquired nephrogenic diabetes insipidus (NDI) by making the collecting ducts resistant to the effects of vasopressin [4] . The patient in this report initially presented with signs compatible with acquired NDI that later progressed to acute renal failure (ARF). Although the latter syndrome is well-described, the former is only sporadically documented and the progression from NDI to ARF has not been previously described [3, 5] .
Case presentation
A five year old male neutered cairn terrier was presented to the primary veterinarian for an acute onset of lethargy, vomiting, and inappetence. The dog had no travel history outside of Pennsylvania and was vaccinated as per American Animal Hospital Association recommendations, not including vaccination for leptospirosis [6] . A complete blood count (CBC) and serum biochemistry panel were performed with the significant abnormality being mild thrombocytopenia ( Table 1) . The dog was treated supportively with 20 ml/kg lactated Ringer's solution a subcutaneously. The dog's clinical signs continued and it was presented to Veterinary Specialty and Emergency Center (VSEC) on day four. A physical examination revealed mild dehydration estimated at 5% without other abnormalities. An electrolyte panel was performed, revealing mild hypokalemia (Table 1 ). An abdominal ultrasound showed mild thickening of the gastric body and diffuse hyperechoic mucosal speckling of the small intestines. The patient was given supportive care for non-specific gastroenteritis with dolasetron b (0.5 mg/kg intravenously [IV] q 24 h), famotidine c (0.5 mg/kg IV q 24 h), metronidazole d (10 mg/kg IV q 12 h), mirtazapine e (7.5 mg per os [PO] q 24 h), and IV lactated Ringer's solution at a rate of 4 ml/kg. The dog was discharged to the owner on day five with no further vomiting and an improved appetite. Treatment was continued at home with maropitant citrate f (2.4 mg/kg PO q 24 h × 4 days), metronidazole g (12.5 mg/kg PO q 12 h × 14 days), famotidine h (0.5 mg/kg PO q 24 h × 7 days), mirtazapine (0.75 mg/kg PO q 24 h as needed for inappetance), and the patient was placed on a hydrolyzed diet i . On day 24, the dog was presented to VSEC for reevaluation after the owner noted an increased thirst and inappropriate urination in the house since day 18, without hematuria, stranguria, or pollakiuria. There was no recurrence of the gastrointestinal signs and the dog's appetite remained good. Physical examination was unremarkable. A CBC showed persistent mild thrombocytopenia. A serum biochemistry panel showed mild increases in alkaline phosphatase, cholesterol and globulins, mild hypokalemia, and other non-specific abnormalities as shown in Table 1 . Urine was hyposthenuric (urine specific gravity [USG] 1.002) with trace protein on urine dipstick (Table 2) and an unremarkable urine sediment. A urine culture was submitted to rule out an occult urinary tract infection.
Given the history, marked hyposthenuria, and absence of azotemia and hyperglycemia, psychogenic (primary) polydipsia, polydipsia secondary to gastrointestinal disease, and diabetes insipidus were amongst the primary differentials [7] . Polydipsia secondary to gastrointestinal disease was considered unlikely given the lack of resolution with treatment of the gastrointestinal signs [7] . Renal insufficiency was excluded at that time based on the presence of hyposthenuria, suggesting active dilution of the urine [8] . The owner was asked to collect a series of at-home urine samples from the dog over the following week to evaluate for evidence of any spontaneous concentrating ability that would support a diagnosis of psychogenic polydipsia.
The dog was re-evaluated on day 29. The polyuria had persisted but the dog was now lethargic, inappetent, was intermittently vomiting, and had had a significantly reduced thirst over the past 5 days. On physical examination, tacky mucous membranes and decreased skin turgor were noted; based on these findings and a decrease in weight from 9.5 kg to 8.6 kg, the dog was estimated to be 10% dehydrated. No other new physical examination findings were noted. A serum biochemistry panel revealed moderate azotemia (Table 1) . Urine specific gravity was 1.006 on a urinalysis with 2+ protein and 3+ blood ( Table 2) . Abdominal ultrasound revealed mild to moderate bilateral renomegaly (left kidney measured 5.8 cm in craniocaudal dimension versus 5.3 cm on day 4; right -6.1 cm versus 4.8 cm). The kidneys had a rounded, swollen appearance with increased echogenicity of the medullae. The liver was also mildly enlarged and diffusely hypoechoic. The ultrasonographic changes to the gastrointestinal tract persisted, but were improved compared to day 4. Resting cortisol was 6.1 μg/dL, excluding a diagnosis of hypoadrenocorticism [9] . The urine protein: creatinine ratio was 4.5. The urine culture from day 24 showed no bacterial growth. Serum was submitted for microscopic agglutination test (MAT) against a panel of seven leptospiral serogroups. The patient was admitted to the hospital, and treatment with IV lactated Ringer's solution, ampicillin j (20 mg/kg IV q 8 hr), doxycycline k (10 mg/kg IV q 24 hr), dolasetron (0.5 mg/kg IV q 24 hr), and famotidine (0.5 mg/kg IV q 24 hr) was initiated. An indwelling urinary catheter was placed to measure urine output and to protect hospital staff and clients against exposure to potentially infectious leptospires in the urine. On day 31, the dog had a decline in urine output (from 3.1 ml/kg/hr on day 30 to 1.8 mls/kg/hr on day 31) and developed hypertension (200 mmHg systolic measured by noninvasive doppler). The azotemia had significantly worsened ( Table 1) . The urine output did not increase after boluses of furosemide l (1 mg/kg IV) and mannitol m (0.5 g/kg IV twice) and the owners elected to have the dog euthanized. The MAT results were received after the dog was euthanized and showed high titres against multiple serovars (Table 3) .
Given the clinical signs and absence of vaccination against leptospirosis, the markedly elevated MAT in this case was considered to confirm a diagnosis of leptospirosis [1, 10] . Since multiple serovars had a titre >1:3200, the causative serovar could not be determined.
Discussion
The progression of leptospirosis in this case did not follow the typical pattern that is expected in this disease [3] . The initial polyuria and polydipsia were accompanied by hyposthenuria and normal biochemical parameters. Although leptospirosis has been reported to cause isosthenuria or hyposthenuria without azotemia, the authors of these previous studies did not report whether these cases progressed to more severe signs of renal injury [2, 5, 11] . Typically, renal insufficiency is considered less likely if the urine specific gravity is less than 1.006 [8] . However, hyposthenuric urine can be present in renal failure but suggests the presence of another disease process that is leading to the hyposthenuria -in this case this may have been the presence of leptospires in the renal tubules [12] .
Causes of polyuria and polydipsia can be categorized as primary polydipsia, osmotic diuresis, central diabetes insipidus (CDI), congenital NDI or acquired NDI. Acquired NDI can be caused by various conditions such as hypoadrenocorticism, hyperadrenocorticism, pyometra, pyelonephritis and hypercalcemia which may impair urinary concentrating ability [8] . In this patient, there was no evidence of an osmotic diuresis; CDI was considered unlikely since serum sodium was normal in the face of significant dehydration; and primary polydipsia was considered unlikely since there was no evidence of any concentrating ability after a significant decrease in water intake over five days [8] . The five days of decreased water intake should have corrected for any medullary washout, exceeding the number of days recommended during a water deprivation test [8] . Other causes of acquired NDI were considered unlikely based on presenting complaints and signalment (e.g. hyperadrenocorticism) or excluded based on diagnostic findings (e.g. hypoadrenocorticism, hypercalcemia, urinary tract infection). As a result, the authors consider the initial polydipsia in this case to be consistent with acquired nephrogenic diabetes insipidus due to decreased responsiveness of the collecting ducts to vasopressin in the presence of leptospirosis [4] . Though this dog may have responded to more aggressive treatment, such as continued fluid therapy guided by measurement of central venous pressures or performing dialysis, the owners elected for euthanasia and declined a post-mortem examination. Although a post-mortem examination was not performed, markedly elevated MAT titres against several leptospiral serogroups in an unvaccinated patient are highly indicative of acute infection with Leptospira. In addition, this patient had a persistent mild thrombocytopenia, which increases the suspicion for the diagnosis of leptospirosis in an azotemic patient [3] . Leptospirosis is a well-established zoonotic disease [3] . Transmission to humans usually occurs from chronic carrier states rather than from incidental hosts that develop acute leptospirosis [13, 14] . Leptospires have been shown to be present in urine prior to the initiation of proper treatment and in the first two to three days of treatment in rodent models [15] . It has been recommended that appropriate protective precautions should be taken in all dogs with acute renal failure until leptospirosis is excluded or an alternate diagnosis is reached [3] . Although it is possible that the initial clinical signs of gastritis and inappetence in this patient were caused by an unrelated disease, they may have been due to early leptospirosis [2, 16, 17] . Since leptospires are shed in the urine within 7-10 days after infection, it is therefore very likely that this patient was shedding organisms on day 24 when first evaluated for polyuria and polydipsia [3] . Appropriate precautions to protect against the zoonotic potential of leptospirosis were not taken at this time. In fact, the owners were instructed to collect urine samples at home, which could have exposed them to infectious organisms. The authors would recommend that the same handling precautions that are taken with the urine of patients with acute renal failure are also followed in patients with polyuria and polydipsia until an alternate final diagnosis is reached.
